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| NTRODUCTI ON

This project proposed to investigate the effects of various IR
spectral pass bands on the response of an infrared radionmeter in the
identification and extent of sinulated oil spills on ea water at dif-
ferent water tenperatures. An attenpt was made to al so determ ne such
effects on sinulated oil spills of different oil thicknesses.

The IR radi ometer system enployed was a single channel NOAA
radi oneter nmade up as a prototype unit fromparts of the electronics of
commerci al manufacturers but with a NOAA designed optical train. Filters
for the three spectral pass bands enployed were nanual |y changed for
each experinment. In view of the necessarily limted funds renaining
for this experinment after the Barrow | R imager depl oyment for the Arctic
Project Ofice, three pass bands were investigated. The nethod foll owed
in the research was that of observing the infrared signatures of four
OCS furnished oil sanples with respect to type, tenperature and thick-
ness in the three pass bands.

Prior to the laboratory experinent a nodest literature review
was conducted. After the archival search one of the better definitive
studies on an airborne oil surveillance systemwas that of the Ofice
of Naval Research (1975). The multi—-sensor system described consisted
of a SLAR (side-looking airborne radar), passive mcrowave imager,
low light level TV and a multichannel IR line scanner simlar to the
NOAA-APCL IR imager. Reported total cost of instrunentation was $360, 000.
By way of contrast, the NOAA fixed field IR radionmeter enployed in this

study has a total value of ~ $6000. The Navy study involved deliberate



500 gallon spills in the eastern Pacific but without |aboratory con-
trol. This study involved |aboratory-sinulated oil- spills contai ned
inlimted size tanks by floating plastic containment rings. The NOAA
i mager, operating in the same IR pass bands as the referenced NOAA
fixed field radiometer has a total value of ~ $36000. It mght have
been used downstreamin this study if further linmted funding had been
available. Both units have and will be flown on NASA jet aircraft

for simlar research in conjunction with NASA projects.

One may summarize, perhaps even in an introduction, by stating
that to our know edge no similar study as this involving fixed field
radi ometry in a precise |aboratory calibration mbde has come to our
attention. The results directly applicable to the IR scanner show that
the radi ometer (or IR scanner) systemcan reliably detect and map oil
spills as to extent and general oil type identification. Results on oi
thi ckness determ nation were inconclusive. However, the overall
results strongly suggest that a better base funded study with an IR
spectronmeter or interferoneter, such as possessed by NOAA-APCL, coul d
produce nore detailed results even extending into possible restrahlen
IR signatures for specific oil types and possibly thicknesses. Pre-
limnary results obtained so far show that there may well be character-
istic oil-type absorption spectra initially only identifiable by an
interferometer or spectronmeter. This, then, would enable the proper
choice of pass band filters for later used airborne IR inmagery. How

ever this would be a six to nine nmonth study at a base cost m ni mum



of $60,000. Such figures for an in-house project were arrived at after
consultation with SRl whose figure, incidentally, was $120,000 for one
year. Fromthe point of view of physical oceanography, we suggest that
it would be well worth while and urge its inplenentation as a dedicated

proj ect.
RADI OVETER CHARACTERI STI CS

The radioneter enploys-a 100 Hz gold plated optical chopper
system alternately directing the signal inpinging on the detector from
the reference Helmholtz cavity to the target. This results in an AC
wave suitable for anplification and signal processing via the preanpli-
fier and main frame electronics.

The equation reducing the radi oneter observed output voltage

to radi ance (w cm'2 sr-l) is (see symbol table)

N+, =k (G[V_+a + a
o o

2
T T+ a,T7] - V) + N (1)

1

-~

The target radiance ideally is that radiance emtted directly
fromthe oil or water surface. However this equation is general and
does not involve surface emissivity. It is further assuned that the
target fills the field of view (2° to 1/2 power points; 4.5° to the
95% power points) of the radioneter. N‘rT is a direct function of the
spectral pass band enployed (i.e. 10-12 ym, 8-14 um, . ...). The radio-
meter radi ance mninmum detectable signal (N.E.AN) is 7.0 x 10'7

-2 -1
w cm-sr .




To convert radiance to calibrated equival ent black body tenpera-
ture, T, we extract the target tenperature fromthe Planck function in

the expression for observed target radiance.

N

= B(v, T)¢ (v)o (v) dv, (2)

wher e N+T in Eg. (1) and (2) are identical

The radioneter mninmm detectable tenperature change is ap-
proximately + .17C at a target tenperature of 7C. This is directly
related to the N.E.AN cited above.

Calibration is normally acconplished by determining the system

transfer coefficient, k, after observing a known source of radiation.

LABORATORY O L SLICK I NFRARED SI GNATURES

EXPERI MENTAL SET- UP

To avoid oil-water mixing in this pilot project radiometric
observations of the infrared oil signatures were conducted in the |abo-
ratory. Fig. 1 illustrates the experinental set-up. The bl ackened tray
contains the “sinulated” sea water, and two oil sanples enclosed by
floating plastic containment rings. One also sees the analog and digita
data recording system as well as the nodified single channel radiometer”.
The experinental tray and radioneter instrunent platform appear in
Fig. 22 In Fig. 3 a filter wheel radiometer (eight channels) is in
position on the instrument platform The platformis noved to scan the
contained oil and water alternately. Radioneter output is available in

real tine via analog and digital output.
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Conput er .calibrations giving vol tage -output versus equival ent
black body tenperature (Eg. 2) are displayed in Figs. 4, 5,and 6. The
| abel s indicate the spectral pass bands and vol tage range.

To conplete the relationship between voltage eutput and equi -
val ent bl ack body tenperature (Figs. 4, 5 and 6) and equivalent black

body tenperature and radi ance tables 1 and 2 are appended.

RESULTS

Four oil sanples (Bunker-C, Kuwait Crude, Louisiana Crude
and Fuel Q11 No. 2} were tenperature stabilized at room tenperature
("v 20.0C) in containment rings over sea water at the same tenperature
for the radiometer scans. The equival ent black body tenperature of the
overhead | aboratory ceiling averaged a steady 23.5c. This is inportant
due to oil reflection of the ceiling (sky) radiance into the radi ometer
system

To summarize the test method,four OCSEAP furnished oil sanples

were scanned over two widely separated "sea" tenperatures in three
spectral pass bands. Q1 sanples were scanned i mediately foll ow ng
a synthetic spill of roomtenperature oil and 24 hours after the
spill. In each case an observation termed the “delta factor” was
the output of the tests. Sinply put, the delta factor is the oil

tenperature ninus the sea tenperature. It is a measure of the tenperature

variation of different types of oil fromthe sea tenperature and reflects

the emissivity and thernmal capacity of the oil on water.
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Figure 7 displays the delta factor obtained in the 8-14 um
scans of the four types of oil. Singular is the large positive delta
factor for Bunker-C oil over a “sea” surface of about 2C. Kuwait Crude
al so exhibits a noderately large factor at a “sea” tenmperature of 2cC.
The other two fuels do not evidence a significant change from water
temperature especially when one realizes that real tine observations
at 1.0 kmor nmore would nask delta factors that do not reach + 1.0
degr ee. Reference to the same figure evidences the fact that a warm
“sea” tenperature of 19C results in an inconspicuous delta factor for
Loui siana and Kuwait Crude and # 2 fuel oil. In fact, Bunker-Cis only
1.6 C above the “sea” tenperature. A 24 hr hold before a repeat scanning
reduced the delta factor of the four oils even nore.

Lowvol atil e-absorbing oil slicks such as formed by Bunker-C
(heavy oil) display a delta factor much higher than the lighter nore
volatile oil type spills. This effect is certainly enhanced when the
sea tenperature becomes cold, approaching 2 to 4 ¢ (Fig. 7). In fact
the delta factor is 4 times as great for Bunker-C at 2C than at 19C.
This effect is undoubtedly related to the higher absofptivity and
thermal capacity of the heavy crudes over the lighter oils. To check
this hypothesis, at least relative to absorptivity, the calcul ations
from observations of the absorptivity (emissivity) over the 8-14 pm
pass band are outlined

Combs, Wei cknann, Mader, and Tebo (1965) denonstrated
a sinple technique for determining the emissivity of various surfaces

with a single-channel, fixed-field radiometer of an earlier type than
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that” enployed in this research. |If radiometer observations over the
oil-ére conducted wi thout anintegrating hem sphere shield and then with
the shield, the effects of reflection of upper hemi sphere or sky radiation
are elimnated and one may define the oil emissivity by,

NT+ - N
€ + 0.15 (3)

AV N+ - NF ~
(8]
where Av covers the 8-14 um pass band.

(bserved tenperatures. averaged over several scans for insertion

in Eqg. 3 follow

NT+ = .0035143 (8.2 C black body tenp.)
N¥ = .0044632 (23.0 C black body temp.)
N°+ = .0034906 (7.8 C black body tenp.)

A solution of EqQ. 3 with these inputs results in an emissivity
for Bunker-C of .976 4+ .02. A similar solution for “sea” water resulted
in an emissivity over the 8-14 ym band of .945 + 015. The random 10 error
limt of .015 nakes these results sonewhat tentative. However if one
considers a standard error of estimate defined as oné o
di vided by the square root of the 10 observations the em ssivity val ues
are significant.

In the 10-12 um pass band (Fig. 8) at approximately 19C, the
delta factor for all oils is identical resulting in no type differentia-
tion. However, at 2C Bunker Crude and # 2 fuel display large delta

factors suggesting that the 8-14 pm spectral range would be a satisfactory

pass band for identification of Bunker-C and possibly Kuwait Crude while the
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10-12 um band could be used for identification of # 2 as well as Bunker-C
Further review of these two figures suggest that it nmay be difficult
to determ ne the extent of the Louisiana crude oil spill in view of the
smal|l delta factor at the 2C “sea” tenperature.

Fig. 9 presenting results in the 10.5-11.5 um band displays the
| argest delta factor again for both Bunker-C and # 2 fuel

In some contrast to the Navy Report previously cited,our results
do show a fair correlation of the radioneter delta factor with certain

oil types in the two channels.

Figures 7 and 8 suggest that the 10 - 12 um pass band better identifies
Bunker-C and Fuel No. 2 at ~ 2 Cwhile the 8 - 14 um band better identifies
Bunker-C and Kuwait crude at~2 C. These sane two figures clearly show
that the 10 - 12 um pass band is far superior to the 8 - 14 um pass band
in identifying a No. 2 fuel oil spill or slick. The results indicate
a future nore conprehensive and detailed interferoneter or spectroneter
study to determine the line structure of various oil types and thicknesses.
This could possibly provide the pass bands or channels best suited to
a particular oil type.

A singular feature (Fig. 9) becane evident in the use of a “tighter” and
cl eaner pass band in the window region, namely 10.5 to 11.5 um. This
pass band increases the delta factor at a sea tenperature of 2C suggest-
ing strong emssion in this band or a possible restrahlen effect. How
ever, an interferonetric |aboratory search from3.0 to 45.0 ym is again

suggested for perhaps, 2C, 5C, 8C, 12C.
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Aver age thicknesses for the tests were 1 mm. Doubling and slightly
exceedi ng the  { hj cknesses (2 to 2.5 ym) resulted in virtually” no change in

the delta factor.
RESULTS SUMVARY

1. Laboratory tests indicate clearly that an oil-spill area is easily
di stingui shed as to extent from the non-contam nated sea. This
is certainly not an original conclusion.

2. There is a strong suggestion that unique IR signatures can be
found for various oil types to enable good oil type identification.

3. Tinme after spill does not change the results as to identification
of oil type. Qoviously surface diffusion at the far boundaries
of a spill will change this conclusion. The sanples of this
research represented nore the “core” of the spill in a tine
series. The core area did not produce IR signature changes wth
time under the conditions inposed

4, A thickness change of from1l mm to 2.5 m did not affect the IR

signatures appreciably.

RECOMVENDATI ONS

1. It would be very promising to conduct spectronmeter or interfero-
metric passive IR signature identification of various oil types. This
could be a precise |aboratory experinent followed by sea tests.
Adequat e 60K to 100K funds for proper equipment and filters are
required. Surely this test will eventually be acconplished.

2. Continue on a larger scale and with IR imagery oil slick extent

observations in the mxing conditions of the sea on targets of



opportunity or on a small lake. Gound truth is essential in
a thickness to extent relation.
Thi ckness observations do not appear overly productive and seem

to be outwei ghed by extent and oil type identification research

- 10 -



SYMBOL TABLE

a, quadratic coefficients for voltage

al correction based on the tenperature effect on chopper bl ade
32

B Planck function

G radi oneter electronics gain

k system response factor (w cnf sit volt—l)

N sky radi ance

No true black body radiance of oil interface under integrating sphere.
‘R reference cavity radiance

‘T “oil target black body radiance without integrating sphere
‘E temperature offset voltage

A out put voltage anal og

\Y wave nunber

o} transm ssion through lens and filter

o] transm ssion through detector

E em ssivity

Av spectral interval (wave)

- 11 -
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FI SCAL SECTI ON

Avai | abl e Transfer Funds - OCSEAP TO APCL

CONVAI R 990 | MAGERY 3500
IR-UV LAB TEST 15000
18500

Funds Expended by 9-30-76

CONWAI R 990 | MAGERY 3500
ALASKA (VeLLER) | MAGERY QUT OF

BARROW 9500

13000

Funds Expended by 7-31-77

ON IR-UV 3500 3500
16500

Act ual Received from OCSEAP
thru 9-30-76 12100
COST TO APCL - 410Q

-13-



4,5,6.

FIGURE LEGEND

Laboratory set-up including oil spill in confinenment trays,
radi oneter head and console, digital and anal og recorders.
The four sanple containers of the OCS oil furnished for the
experinent are shown in the right background.

Laboratory set-up to neasure oil spill tenperature including
experinmental tray described in Fig. 1, radioneter platform
and recorder.

Same as Fig. 2 with 8 channel radionmeter on platform
Conputer calibrations, voltage output versus black body
temperature for selected ranges and spectral pass bands of
radi onet er.

Delta factor, 8 - 14 um

Delta factor, 10 - 12 um

Delta factor, 10.5 - 11.5 um

TABLES

8 - 14 um bl ack body tables

9.5 - 11.5 pm black body tables

- 14 -
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